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EXPLANATION of the TABLES.

TABLE  I.

ITis certain,both from experience and the law'sof dioptrics,that ther3̂of light are bent out of their rectilineal course on palling obliquely ov1
one medium into another of a different density : and if the density of
latter medium continually increases, rays of light, as they pass through 1’

will be bent more and more from their first direction towards a line which is Peljj
pendicular to the surface of the medium on which they fall. Hence it is that3
the heavenly bodies, except when they are in the zenith, appear higher than vf’J
ought to do ; and the more so, the nearer they are to the horizon ; because 111 ^then pass through a greater portion of the earth’s atmosphere, as well as
obliquely to the refracting surface. This apparent elevation of the hea if.
bodies above their true height is called their refraction, and the effect of il  »
contained in Table I . All observed altitudes of the fun, moon, and stars 111.,
be lessened by the numbers in this table, which are to be taken out with dl£0
fsrved altitude of the object.

TABLE  II.

In observing altitudes with Hadley's quadrant , the image of the obje*̂
brought down to the visible horizon ; that is, to the edge of the water : but’ ^
account of the convexity of the earth’s surface, and the elevation of the 0^
server’s eye above it, a line drawn from the observer’s eye to the
ter ’s edge will fall below the true horizontal line, drawn through
eye of the observer ; consequently, by bringing the image of the object
to the former line, instead of the latter, the altitude is made too great, and 1
more so, the higher the observer is raised above the surface of the sea ; an .sej
quantity of this error, to every probable height that the observer may be 131 ^
to, is contained in Table II . and is to be taken out with the height of the0 i
server’s eye in feet. This correctioa is evidently fubtractive from the obse lValtitude.

TABLE  III.

The parallax of any celestial object is the distance between its place
heavens, as seen from the surface of the earth , and that in which it would be ^from the center : the last is called its true place, and is that which is given dh'e ^
from astronomical tables. On this account all objects (except when they
the zenith) appear lower than they really are ; and the quantity of this err 01 ^
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Wds jointly on the distance of the object from the center of the earth, and its

. Wtude above the horizon ; consequently, when the distance of the object is con-
’ ,lQUally the fame, or nearly so, as is the cafe of the fun, it will depend wholly on
i altitude ; being greatest when the fun is in the horizon , where it is about

? - and lessening gradually as the altitude increases, until it arrives at the zenith,
"Ere it is nothing.
The correction of the fun’s altitude on this account is contained in Table III.

^ of which it must be taken with the fun’s apparent altitude, and is always to
^ added to the apparent altitude to obtain the true altitude.

■ess

table  IV.

is well known that objects appear greater or less, as they are at a greaser or
5 distance from the observer ; consequently, as the moon is nearer to the observer

T a semi-diameter of the earth when (he is in the zenith than when she is in the
0r ‘Zon, and as the earth’s semi-diameter bears a very sensible proportion to the

^Oon'z distance from its center, it is manifest that the semi-diameter of the moon
appear greater to a spectator on the earth ’s surface, when she is in his zenith

W when she is in his horizon : and as this augmentation of her diameter is va-
Wle , increasing all the way from the horizon to the zenith, it has been thought
jj°Per to give her horizontal semi-diameter in the Nautical Almanac to every
°0tt and mid-night ; and the augmentation of it, according to her altitude, is
stained in Table IV. out of which it is to be taken with her altitude, and. ded to her horizontal semi-diameter, found in the Almanac, for the givenV . °

TABLE  V.

^ The numbers in Table II . express the dip of the visible horizon, below the
?E, when it is entirely open, and free from all incumbrances of land or other
lEcts that might hide it from the observer. But as it frequently happens, espe-

%a% in harbours, and when ships are running along shore, where, nevertheless,
J! observation may be very desirable, that the sun is over the land at the time

it is wanted, and the shore nearer to the ship than the visible horizon
f °uld be, if it was unconfined ; and as in that cafe the dip will be different
'°*n what it would otherwise have been, and greater, the nearer the ship is to

at  part of the shore which the sun is brought down to ; it has been judged
^Per to insert the dip of the sea to different heights of the eye, and different
/ ‘Wees from the ship, in Table V. to be used instead of the numbers in Ta-
] e T. when occasions require. This Table is to be entered in the top co-
] W whh the height of the eye above the surface of the sea in feet, and in the
- ^band side column with the distance of the ship from the land in sea miles ;
po?>directly under the former, and opposite to the latter, stands the dip of that

‘tlt  in minutes of a degree ; which is to be subtracted from the observed alti-
Einstead of the numbers in Table II.

[eamen  can estimate, nearly, the distance of any object from the ship,
facially when that distance is not greater than five or six miles, which is the

(ĵ test distance that the visible horizon can be from an observer on the quarter
^ of any (hip whatsoever. But if any person wishes for a method of deter-
Q3ln‘ng that distance by actual measurement, the following one, if executed
(JWby , will give it sufficiently near the truth for the purpose of taking the dip

J ok Table V.
Et two observers, one placed as high up the rnain-mast as he can conveniently

' aQd the other on the deck, directly underneath him, each observe the alti¬
tude
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tude of the sun, or other object that may be wanted, at the same instants
time ; and let the height of each observer’s eye, above the surface of the water, ^
carefully measured. Take the sum and difference of these tWo heights,
feet, and also the difference of the two altitudes (of which that observed by x̂
tipper person will always be greatest) and fay, as the difference of the height*
the two observers is to the sum of them, so is the sine of the difference or
two observed altitudes to the sine of an angle : take half the sum of this ang^
and the difference of the observed altitudes ; and fay, as the radius is to the
tangent of the half sum, so is the height of the upper observer above the fea<
feet, to the distance of the ship from the land in feet ; which being divided
6120, the feet in a sea mile, gives the distance in miles. Or, to save this
division, the observer may write out the table, putting the number of feet w
side column that corresponds to the miles and parts of a mile that are there o°

Example.

Admit that the height of an observer’s eye on the deck of a ship be 22
that of another observer at the main-top-mast-head 90 feet ; and that the
science of the altitudes of the fun’s limb when brought down to the water’s e jb
by these two observers, is 12 minutes : how far were they from the land accd
ing to this observation?

Height of the mast-head 90 feet,
Deck — — 22 ditto,

Difference — 63  Log . Ar. 60 . -
Sum — — 112 Log . -
Diff. observed altitudes o8 12 ' o Sine — —

Sum — —

o 19 46 Sine

o 31 46

Half sum — —- 0 15 53
Height of the mast-head — 90 feet -

Distance of the land — 19479 feet
Or — 3,69 Miles.

TABLE VI.

Co-tang. —
Log . — -

Log . —

fioot
Is intended to facilitate the reduction of the fun’s declination from the n

at Greenwich, for which time it is given in the Nautical Almanac, -jto the 11 ^
Under any other meridian, or to any other time under that meridian. ^ tj,j
been usual in tables of this nature, to make one argument the longitude ot
ship or place from the meridian of Greenwich ; or the time from noon at
wich, and the other argument the daily difference of the sun’s declination- ^
it was conceived that if the day of the month could be substituted for this 18 jjj,
argument, it would not only render the reduction more short and easy, but
answer some other useful purposes: particularly it would greatly facili tate  ^
operation of correcting latitudes given in the journals, of such seamen as ha
themselves attended to this particular, which is absolutely necessary to be
fore such latitudes can be used in the construction of maps and charts, and in *°r s
geographical tables. In constructing this Table , the daily difference of the ^
declination was taken for every day throughout a period of four years, inCi °jeaj>



1 c 7 ]
year, and the first, second, and third years following it : a mean of thetJUy differences for every four corresponding days was made out from these ; and^ . greatest difference between any one of these means and any one of the foury differences of which it was compounded was too trifling to be mentioned.9 principal error arose from the sun’s unequal motion in the ecliptic , on whichfrc° IJnt he is not at equal distances from the equinoxes at equal intervals of time<j0l*l the days on which they happen, and consequently the daily change in the sun’s(j,Ration on the corresponding days in the several quarters is not the fame : theĵ rence, however , between any one of the numbers, here put down , which resultt 0ni taking a mean of the four, and any one of the extremes of which it was^^ ed, never exceeded 16 or 17 seconds, and therefore this Table is sufficientlyfor all nautical purposes, for which alone it was intended . The use of thisahle will be sufficiently obvious from the following examples.

Example  I.

^hat the fun’s declination at noon, in longitude 143 0 VV . on May 26,?8o?
declination for noon at Greenwich , May 2d — — 150 38 ' 20" N.*43° w . long . May 2d, give in Table VI . - - st- 7 20

declination for noon at the given place — —> — 15 45 40 N.

Example II.

j.^ hat is the fun’s declination September 24th 1780 , at noon, in longitudeE. ? .
declination for noon at Greenwich , Sept. 24th
l °S ° E. long . on Sept . 24th give in Table VI.
declin. for noon at the given place

o° 4 / 22"  S.
— 6  Si

o 40 31 S.

Example  Til.

L^ hat is the fun’s declination August 24th 1780 , at 8h 20' in the evening,
g‘ 48 °W . f
j edination for noon at Greenwich , August 34th — 10 5045  N./ l Table\JI. I 48 ° W . longitude give —- - -— 2 51u8ust 24th J 8h 20 ' afternoon give - - 7 24

eclinatiqq at (he given time and place jo 40 30 N.

Example IV.

E / S ^ e ^clination January 22d 1780 , at i8 h 40 ' in longitude
. 1
or

— !
23d. j 5h 30 ' before noon give

ly N . B. i8 h 40 ' is 3^30 ^before noon on the 23d.
j^^joation for noon at Greenwich on the 23d — — 190 18 ' 23 ^ 8.^ ahleII , J 132 ° E. longitude give —- —

i>,
4- 4 57
— 3 o

ec Hnation at the given time and place 19 20 22 S.
TABLE
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TABLE VIL

Contains the right ascensions in time, and the declinations of sixty of the s>rf

eipal fixed stars, for the beginning of the year 1780, with their annual val^
lions both in right ascension and declination. If the places of these stars 8 ,

wanted for any time after the beginning of the year 1780, multiply the an"
variation both in right ascension and declination by the number of years *
have elapsed since that time ; to the product add such part of the annual var ^
tioa as is passed of the current year, and the sum will be the variation from
beginning of 1780 to the given time. This variation must always be added to
right ascension for 1780 ; but the variation in declination must be added or *0
tracted, according as the sign -J- or — is found against the annual variation .
last column of the Table , to give the right ascension and declination for fnccecm

years. But if the places of the stars be wanted for any time before the begins
of the year 1780, the variation in right ascension must be subtracted fro"1

right ascension found in the Table , and the variation in declination must ^e "‘

plied with a contrary sign to that which is put against it.

TABLE  VIII.

Contains the correction of the moon’s apparent altitude for the joint
parallax and refraction. It is to be entered with the apparent altitude o‘  j
moon’s center in the top Column, and her horizontal parallax in the lest'" jj
side column, and directly under the former, and opposite to the latter,
the correction sought ; which is always to be added to the apparent altit"“
the moon’s center to obtain the true.

TABLE IX.
#

This Table contains certain logarithms which were contrived by the la fe wi
Dunthorne to facilitate the computation of the effects of parallax and reft'8*u\i

on the distance of the moon from the fun or a fixed star. As some consî ^ s
improvements have been made iu this mode of reducing the distance, l£ ?j(0

thought proper to extend this Table, as well as Table VIII . which condu^ 5̂ .
to the fame purpose, to every tenth second of  the moon’s horizontal para, slCc?
The logarithms in this Table are the arithmetical complements of the diffese p
between the logarithmic co-iines of the moon’s true and apparent altitude .in¬

creased by 120, which number is uniformly the difference between the e|ef
mic co-sine of the true and apparent altitudes of a fixed star, or any othef c0̂
rial object which is not sensibly affected by parallax ; that object being W0s.e efcl

250 high . At altitudes less than 250 this uniformity ceases, and the diff̂ jj-
of the sines is less than 120 by the numbers contained in Table XI

the arithmetical complements in Table IX , must be lessened b?
(jjl

quently the arithmetical complements in Table IX , must be lessened u* 0tSi

numbers contained in that Table . Table IX . depends on the fame ar£UI^J
and the logarithms are taken out of it exactly in the &me manner as the a"
are put of Table VIII*

TABLE  X . *

The numbers in this Table are to be subtracted from the logarithms takes ^e

Table IX . when the moon’s distance from the fun is observed. The differed̂ f$
logarithmic co sines of the true and apparent altitudes of the fun being lestI ’?
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y these differences, on account of the fun’s altitude being sensibly affected by

“̂ allax, as well as refraction.

TABLE  XII.

. I 'his Table contains the moon’s parallax in altitude to every minute of her ho’
*°ntal parallax. It is to be entered with the moon’s horizontal parallax at the

°Pj  and her altitude in the left-hand side-column ; and under the former, and
^Posite to the latter, stands the moon’s parallax in altitude, to the nearest mi-
t,Ute. It is of use in reducing the apparent distance of the sun and moon, or of
ge moon and a star to the true distance, by Mr. Lyon's method , as given in the
rft edition of the Requisite Tables, but is not used in the improvement of that
eth°d, given in this edition ; Table VIII . being used in its stead.

TABLE  XIII.

, ^ also useful in Mr. Lyon's method of reducing the apparent distance of celestial
Pkcts to the true.

TABLE XIV.

» This Table is very useful for converting degrees and minutes of the equator
^ time, and the contrary. The method of using it is too obvious to need

^ 'siting out.

j TABLE XV.
j This Table is analogous to the common tables of logistical logarithms ; but
j •j.Pstnued up to three degrees, or hours, which are here made the radius of the

ĵ kle, instead of one degree, or hour , as hath been usual in other tables of this
jjy this means it is peculiarly adapted to the purpose of finding the

apparent time at Greenwich, by comparing the observed distance of the moon and
j .*}> or of the moon and a fixed star, when reduced to the true, with the same
dances, put down in the Nautical Almanac for every three hours, under the

^ er *dian of Greenwich. In taking the logarithms out of this Table, the degrees
J 'jsour, and tire minutes to either, must be looked for at the top of the page,
^ the seconds in the left-hand fide-aolumn ; under the former, and opposite toElatter, stands the logarithm sought.
yv.These logarithms are also very useful in facilitating the computation of the

of parallax and refraction upon the moon’s distance from the fun or a star,
.her by Mr. Lyon’s method , or these two which were invented by the Rev. Dr.
^Skelyne,  Astronomer Royal, and Mr. Witchell,  F . R. S. and inserted at the end
^ the Nautical Almanac for 1772 ; and also in every case where a proportion is to
J "Worked, in which two or more of the terms are sexagesimals, and do not

t̂ ed three degrees, or three hours.

TABLE  XVI.

intended to facilitate the solution of the problem for finding the latitude of a
tjT nt soa, having the latitude by account, two observed altitudes of the fun,

time elapsed between the observations, measured by a common watch, and
fun’s declination. The solution of this very useful problem, on these prinri-

Was first invented by Mr. Cornelis Doinves, examiner of the sea officers and
° ts  by the appointment of the right honourable College of Admiralty at Aji-

b stercMn,
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skrdam , about the year 1740. They were some time since transmitted by h' 01
td the Lords Commissioners of the English Admiralty ; and Mr. Domues  was fe‘
warded with 50I. by the Commissioners of Longitude. It has since been fovl>
that they may be usefully applied in the solution of other problems, for wb lC
purpose the column, intitled log. rising, has been extended to 9 hours.

TABLE  XVII.

Is a Table of natural sines, which are wanted in computing the latitude of*
ship at sea by means of the preceding table : they will also be found uleful °|j
some other occasions, as will be shewn in the course of the following rules 311
examples.

TABLE  XVIII.

Contains the logarithms of natural numbers, from 1 to 10,000 ; and to
decimal places of figures, which is as far as they are generally wanted in

si**
the
ahpractice of navigation. The index must be prefixed by the computer, and is

ways less by unity than the number of figures in the natural number.

TABLE  XIX.

The logarithmic sines, tangents, and secants have been found abundantly f°^£
cient for the general purposes of navigation, when printed to five places ^
figures, besides the index : accordingly the tangents and secants are exhib ĵk
to no greater length in this Table . But it was thought expedient to print 1
sines to six places of figures, besides the index, for the convenience of such
tlemen as chuse to use that improvement of Mr. Duntbarne’s, method of redu^ jj

th*'
fiat'5

CO'

the apparent distance of the fun and moon, which is inserted in Problem X. of
book, because the reduced distance cannot be had true to the nearest second by
method with fewer. Moreover, in order to facilitate the taking out of the
to single seconds, the differences of those, sines to ioo ,/  are printed in two small
lumns adjoining to them, and denominated Diff. ioo " , and D. so that by
tiplying this difference by the number of odd seconds, cutting off the two t’8 j
hand figures of the product, and adding the remaining ones to the right
figures of the sines of the even minute, or subtracting them from the co fio eS
the even minute, will give the logarithmic sine, or co sine, for the degrees, c
nines, and seconds proposed.

Example  I.

Suppose it were required to find the
sine of 240 16 ' 48" .

The diff to 100" is — 467
Multiply by — 48

3736
1868

Add — 224,16
Log . sineof24 0 i6 ; — 9,613825

Example  II.

Find the Log . co-sine of 740 16' 3*,g
The diff. to 100" is

Multiply by
299*

2244

Subtract-
Log . co-sine of 74° i6 / - 9,433 22_^

Log ,co-sine ot 74° 16'  34" 9,4329?2
Log. sine of 240 16 ^ 48" 9,614049 0i»
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j Oll the contrary, if the degrees, minutes , and seconds be wanted to a given
°8arithmic sine, or co -sine : look for that sine which is next less, or the co -sine
j'ich is next greater than the given 'one ; against which stand the degrees and
.'Qutes. Take the difference between the sine, or co- sine thus found , and the,

jpVen one ; add two cyphers to it, divide this number by the difference to ioo ",
rl)c*the quotient will be the seconds to be annexed to the degrees and minutes
^Und before.

Example I.

Find the degrees, minutes , and se-
°nds corresponding to the log . sine

^14049.
"Fhe given sine is — 9 .614049

lQe next less (240 16O 9 .613835

”Ffte difference is — 224

’ftvo cyphers being added, makes
,^ oo ; and if this be divided by 467,

difference to ioo ", the quotient
J 'i be 48 " , to be annexed to 240 16 ' :

e answer is therefore 24 0 i6 /  48 " .

Example II.
Find the degrees, minutes , and se¬

conds answering to the log . co -sine
9 .432 ^68.

The given co -sine is — 9 .432968
Co-si. next greater (740 16 ')  9 .433226

The difference is — 25S
Two cyphers being added, makes

25800 ; and this being divided by 748,
the difference to too ", the quotient will
be 34// , to be annexed to 740 16L the
answer is therefore 74 0 16 "' 34 ".

j ^Ut that this additional place of figures may not embarrass those who want
places only, the sixth place is separated from the others by a point ; by

Jsich means the five first places, after the index , are taken out as readily as if
£ sixth was not there : with this caution , however , that when the sixth figure
*c- -ds 5, the preceding figure, or last of the five, must be increased by unity.

TABLE XX.

Lexact  knowledge of the geographical situation of places is of the utmost
. P°rtance, especially to sea-faring persons : it has therefore been thought pro-

fo add a table of those places, of which the situations are supposed to ba
t̂ °"'n with tolerable exactness ; either from astronomical observations made

or from good geographical surveys.
Fhe table is divided into seven columns ; the first contains the names of the

tĵ al places, digested in alphabetical order ; the second contains the part of
L? vvorld ; the third, the country, coast, or sea where they are ; the fourth the
frQ‘tu de ; the fifth and sixth the longitude , in degrees, and in time, reckoned
1̂ ^ the meridian of Greenwich ; and in the seventh are put down the times of
\3 1 water on the days of the fall and change of the moon, at those places

lere  it has been observed. ^

TABLE  XXL

the moon passes the meridian of any place later every day than sire did the
W’ by .1 number of minutes, which is ecjual to the difference of the
Vi’ at‘‘°n of the fun and moon’s light afcennons in time, in the interval, it is ob-
Uf that the moon must pass the meridians of such places as lie to the westward
Or Jree nwich later, and the meridians of such places as are to the eastward of
tt)j^ etl 'vich sooner, than site passes the meridian of Greenwich by a number of

- which is to the number of minutes in the above-mentioned difference,
b % as
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as the distance of that meridian from the meridian of Greenwich is to 3^° ,'
And because it is frequently of use, at sea, to know the time of the woo" ^
passage over the meridian, usually called her southing ; the number of min ute
by which she pastes.the meridian of any place, before or after the time at w|1,c
{he pastes the meridian of Greenwich, is inserted in this table. The table is *'
be entered in the top column with the daily variation of the moon’s pasting
meridian, and in the left-hand fide-column with the longitude of the ship
place ; directly under the former, and opposite to the latter , stand a number
minutes, which being added to the time of the moon’s pasting the meridian "
Greenwich, if the longitude be west ; or subtracted from it, if the longitude
cast, will give the time of its patTage over the meridian of the given place.

Note,  The daily variation of the moon’s passing the meridian is found ^
taking the difference between the time of the moon’s passage over the
of Greenwich on the proposed day and the day following, if the longitude ot
strip or place be west ; or between the time of her paslage on the proposed d '
and that preceding it, if the strip or place be in east longitude.

TABLE  XXII.

This table is useful in finding the moon’s declination, at a given place
time, from her declination given in the Nautical Almanac for noon and
night at Greenwich. The manner of using it is this. Turn the longitude,
the ship or place into time ; and if it be west, add it to, but if it be e!i ’
subtract it from the time at the given place, and it will give the time at Gr eê
wich. Take the moon’s declination out of the Nautical Almanac for noo"^midnight on the given day, according as the time at Greenwich is less or
thani2 h: enter the table with the variation of the moon's declination in 12
the top column, and the time at Greenwich in the right hand side colulu"' ^
that time be less than I2h, but with its excess above 1211, if it exceeds Wj
quantity : under the former, and opposite the latter stands the correction .j.
moon’s declination, which must be added to her declination for noon, or 101 jt
night, at Greenwich, if the declination be encreasing, but subtracted
if the declination be decreasing; and the sum, or difference, will be the
declination at the given time.

Example I.
What is the moon’s declination April

16th 1783, - at 7h 22' in long. 57®west ?

Time at the strip, or place f ‘>22'
Long . in time W . add — 3 48

Time at Greenwich — n 10

Moon’s declin. at noon 7° iff 3.
Tab . XXII . underz ° I5 ' I ,

and opp. I Is*1o' gives J 3

Moon’s declination required 10 20 8,

Example II.
What is the moon’s declin. Ap1’^

1783, at i7 h 47 '' in long. 162° we‘

Time at the strip, or place

th
■st?

Long. in time W. add ,0 4 C

Time at Greenwich on 26th 4 0-

Moon’s declin. at noon 10
Tab . XXII . under 30 3 ' \ __ x 10

and opp. 4h 35 ' gives j ^

!§<

Moon’s declin. required 9
M*
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Example III.

What is the moon’s declination July
>1783, at ip 6 in long. 67° east?

v ‘̂ -e at the ship, or place i9 h oh
0tlg. in time E. subt. —- 4 28

E X A M P L E IV. -
What is the moon’s declination July

20th, 1783, at 4h49' in Long. 114' E. k
Time at the (hip, or place 40491
Long. in time E. subt. — 7 36

T
'trie at Greenwich — 14 32 Time at Greenwich the 19th 21 13

^°on’s declination at midn, S° 7;N.
â -XXII. under20 54' ? *
■sod opp. 2h 32' gives J ^

Moon’s declin. at midnight 6° ;8 b̂J.
Tab. XXII . under2° 58'7 , '

and opp. 9h 13’' gives J ' >

^°°n’s declin. required 7 3° N. Moon’s declin. required 9 rzN.
- The moon’s right ascension may also be found by the help of this table, if
!f be entered at the top with half the variation of her right ascension in I2 h:
l?e number found in the Table must be doubled, and added to the right ascent
1011 at noon or midnight.

TABLE  XXIIs.

This table will be found very useful in finding the fun’s right ascension for
jdty given time, either before or after noon, under the meridian of Greenwich,
/ 0ttt the right ascensions of the fun, given in p. II. of the Nautical Almanac

r noon at that place; and also in finding the fun’s right ascension at noon.
J'der any other meridian. It will also greatly facilitate the finding the same
uttig for any time under any given meridian, by combining the two former

j'Tblems together. The table must be entered at the top with the daily varia-
of the sun's right ascension,  and in the left hand column with the given time

r°ui noon, or with the (hip’s longitude in the right-hand column; and directly
j.nder the former, and opposite to the latter, stands a number of minutes and
T°nds to be added to the fun’s right ascension for noon at Greenwich, if the

be after noon, or the longitude of the ship be west; but to be subtracted
r°uiit , if the time be before noon, or the longitude of the (hip be east.

Example  I.
'What is the fun’s right ascension at

°°n May 24th, 1780, in longitude
^ 4° east?
Ss R , A. for N. at Greenwich 41,
* , XXIII . with daily diff. ? . . __

^ and east long. 114.“ j ®

^ s R. A. at N. in long . 1x4° p . 4

T r
1 23

Example  Is.
What is the fun’s right ascension on

July 21 st, 1780, at s  42' P. M.  at
Greenwich?
Sun’s R. A. for N . at Greenwich
Tab. XXIII . with daily diff. 7 .

3' 59" and 9b 42’ P. M. j

Sun’s R , A. at -b 41/ P. M. —

8b 5s 18’

Example  III.
, What was the fun’s , right ascension
rî ary 16th, 1780, at 6h 48' A. M. in

n§ttude 68° west ?

S^ 48 ' A. M. is 5s1 1 V before Noon,
f ? S R . A. for Noon at Greenwich 1ijh; z' zi"

•• XXlir . & 4' I7 "7 68° W. gives + 49
i !ly variation J 3* 12/gives — 56

11,1 s  R. A, for giy, tuae an<l place ig ;r 14

Example  IV.
What was the fun’s right ascension

August 21 st, 1780, at 9b 17' P. M.  in
longitude 167° east?

Sun’s R . A. for N. at Greenwich I OH4' 12,"
Tab. XXIII . & 3' 4i " 7 167° E. givcs — 1 41

daily variation j 9h 17' gives + 1 iff

Sun’s R. A for given tuns and place 10 337

Tin?
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T II  E

USE AND EXEMPLIFICATION or the TABLES.

PROBLEM I.

T Ofind the latitude ofa(hip from the observed meridional altitude ofsun’s upper or lower limb.

RULE.

Correct the observed altitude of the sun’s limb by subtracting the dip of
horizon (Tab . II .) and the refraction (Tab . I.) from it ; and adding the fe°J\
diameter (Naut . Almanac, p. III .) if the lower limb was observed, or by n ^tracting it, if the upper limb was observed, and by adding, if you pleaie,
parallax in altitude (Tab . III .) This will give the true meridional r! tin .dethe fun’s center. The refraction must be taken out with the altitude of t!1
limb, corrected for the dtp of the horizon. Take the true altitude from 9°’
and it will leave the true zenith distance; which is north, if the zenith
to the north of the fun ; or south, if it was the contrary. Take the fun’s
clination out of the Nautical Almanac (p. II.) by the help of Tab . VI. not'"-whether it be north or south.

Then if the zenith-distance and declination are both north, or both so°U
add them together ; but it one be north, and the other south, subtract the >c
from the greater, and the sum or difference will be the latitude ; of the sat2
name with the greater,

Example I.

July 24th 1783, longitude 540 west, the meridional altitude of the fL,fljlower limb was observed to be 590 16 ' , the zenith being north of the fun. an.
the height of the observer’s eye 24 feet above the surface of the sea: whatthe latitude ?

Altitude of the sun’s lower limb — — 590 161 o"
Dip of the horizon from Tab . II . fubtr . — 4 4°
Refraction from Tab . I . fubtr . — — — 34Parallax in altitude Tab . III . add — — — 4
The fun’s femi-diameter (p. III . Naut . Alman.) add 15 48
True altitude of the fun’s center —

True zenith-distance — — —-
The fun’s declination (Naut . Alman. p . II .)

Latitude of the Sliip - - —

59 26
90 o

3° 33
19 51

5 ° 24

38
o

02  N*
~o N.

22

Scholium.

It has been usual to divide the rule for this problem into different cafes; ^the necessity for such division arose wholly from considering, improperly*
zenith of the place as a fixed point, instead of the fun. T?
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P R 0 B L E M II.

To find the latitude of a ship at sea from the observed meridional altitude of
* fixed star.

Rule.

. Forrest the observed altitude of the star by subtracting the refraction
'Tab . I .) ami the dip os the horizon (Tab . II .) from it ; which will give the
sUe  altitude . Take the true altitude from 90 degrees, and it will leave the
ru<; distance from the zenith, which is north or south according as the zenith is
0rth or south of the star at the time of observation. Take the star’s declination

°Ut of Table VII . and note whether it be north or south,
shen , if the zenith distance and declination be both north, or both south,

them together ; but if one be north, and the other south, subtract the less
r01® the greater, and the sum or difference will be the latitude ; of the same^ttn e with the greater.

Example.

.March 29th 1783, the meridional altitude of Procyon was observed 77’ 27^ ,
Zenith being south of the star, and the height of the observer’s eye above

e surface of the sea 22 feet ; what was the latitude ?

Meridional altitude of Procyon — - 77° 2/ if
Refraction from Tab . I . subtract — 13
Dip of the horizon from Tab . II . subt. — — 4 28

True altitude of Procyon — — __ 7y 22 34
90 O O

True zenith-distance of Procyon — — 12 37 26 S.
Declination of Procyon from Tab . VII. — — 5 46 17 N.

Latitude of the Ship — — — — 6 51 9 S.

Scholium.

^ the meridional altitude of a circum-polar star be observed when it is below
,t epole, or the meridional altitude of the sun at midnight, in any place where
tlie

(M°es not set : then, if to such altitude, corrected as above, there he added
star or fun’s polar-distance; that is, the complement of its declination, the

Will be the latitude of the place ; of the fame name with the declination.

PROBLEM  III.
a To find the latitude of a ship at sea from the observed meridional altitude of

toon ’s upper or lower limb.

Rule.

l 0 the longitude of the given place, in time, add the number from Tab . XXI.
R ^ Ponding to that longitude, and take the sum from the time of the moon’s

' ^ h n? (? - VI. ofNaut . Alman.) for the given day, if the longitude be east;
it to the time of southing if the longitude be west ; and the sum or dif-

\ will be the time at Greenwich when the moon was on the meridian of
&ven place. To this time take the moon’s horizontal parallax and scmi-

diameter
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VI. b/

diameter from p. Vis . of tlie Naut . Alman. and her declination from p
the help of Tab . XXII . noting whether it be north or south.

Correct the observed altitude of the moon’s limb by subtracting the dip os 1
horizon (Tab . II.) from it, and adding the correction of her altitude (taken °1'
of Tab . VIII. with the altitude of the limb corrected for dip) and also he
semi-diameter, if the lower limb was observed, or by subtracting it if the upP®
Ijmb was observed, which will give the true altitude of her center. Take 1

. ‘ - . - zenith.
. . of * *“e> . -

true altitude from 90 degrees, and it will leave the distance from the
•which will be north or south according as the zenith was north or south
moon.

•Then if the zenith distance and declination be both north , or both south,
them together ; but if one be north and the other south, take the less from
greater , and the sum or difference will be the 'latitude ; of the same name
the greater.

Example.

August 24th 1783 , in longitude 107° E . the meridional altitude of the m00̂
tipper limb was observed to be 67° 42 ^ , the zenith being north of the .
and the height of the observer’s eye 23 feet above the surface of the sea;
was the latitude ?

The dip of the horizon of the sea is a'  34 " . . ^
To ; h 8 ' , the longitude in time, add 14' , the number corresponding t0

Tab . XXI . take their sum, 7h 22/ , from 22h iff , the time of the aro^
southing in the Nautical Almanac for the given day, and there will rell|| j;;
14k 49' , or 2h 49 ' past midnight ; at which time the moon’s horizontal
was 44/ 27", her semi-diameter 14s 41 ", her declination 24° of ' N. a°a j tj.
correction from Tab . VIII . answering to horizontal parallax 54' 27" andn
tude corrected for dip 67° 387 is 20' 201

Meridional altitude of the moon’s upper limb
Dip of the horizon (Tab , II.) subtract -
Correction from Tab . VIII . add —> —-
Semi-diameter (p. VII. Naut . Alman.) subtract

True altitude of the moon’s center —

True zenith-distance
The moon’s declination.

Latitude of the strip

67° 4-ff 3°"
4 34

20 20
14 Ll

67 43 25
90 0 0

22 16 35  2:
24 0 3°^

46 *7 HK*

PROBLEM IV.

To find the latitude of a strip at sea, having the latitude by account,̂ ,
observed altitudes of the fun, the time elapsed between the observations,
sured by a common watch, and the sun’s declination.

Rule. fust5
To the log-secant of the latitude by account, add the log-secant of ^

declination : their sum, rejecting 20 from the index, is the log-ratio. ^ 0 '
From the natural sine of the greater altitude , taken out of Tab . XV ' 3̂ ,

tract the natural sine of the least altitude ; find the logarithm of the re®
and write it under the log-ratio.
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With half the elapsed time  enter Table XVI. and, from the column of half
^apsed time,  take out the logarithm answering to it , which is also to be set down
Milder the log. ratio.

Add these three logarithms together, and look for their sum in Table XVI. in
column of middle time ; and , having found the logarithm nearest to it, take

Out the time corresponding, put it under half the elapsed time, and subtract the
kss from the greater : their difference will be the time from noon when the greater
‘'Isttude was taken.

With this time enter the Table again, and, from the column of log. rising,  take
Out the logarithm corresponding to it : from this logarithm subtract the log. ratio,
?0d the remainder will be the logarithm of a natural number, which being found
>u Table XVIII . and added to the natural fine of the greater altitude, will give
lhe natural fine of the meridional altitude of the sun.

From the meridional altitude of the sun the latitude of the strip is to be found by
*he latter part of Problem I.

Scholium.

If the latitude found by the preceding rule differ considerably from tbe latitude
by account, the operation must be repeated, using the latitude last found, in-
ftead of the latitude by account, until tbe result gives a latitude which agrees
Nearly with the latitude used in the computation.

Example I.

July 20th 1779, being at sea, in latitude 39° 28' N. by account, at u h 30 ' 13"
“y my watch, the altitude of the sun’s lower limb was observed to be 68° 18s' ;
aod at 12h 26 ' 28", it was 70° 58' , the height of my eye above the surface of
lhe sea being 21 feet : what was the true latitude of the strip?

Ale. fun’s L . L. istobf . 63  18 45
Dip of the horizon subt. 422
Refraction, subtract — 23
Luu’s fern! diameter, add 15 48

Alt . sun’s L. L . 2d obf. - 70 58 o
4 22

>9
15 48

True altitude sjjn’s center 68 29 48 7 i 9 7

Time by Alt. fun’s
Watch. center.

1f - 68 ° 30'
28 - 71  9

3 claps. time.

Natural
sine. —

- 93042  —

- 94s >37  —
1592 —

Logarithm of half the elapsed time
Logarithm of the middle time

Lat . by acc. - 39° 28^ secant - 0.11239
Sun's declln. - 20 41 secant - 0.02893

Log . ratio — —
— Logarithm — —

Time from noon. Log . rising
Lag . ratio

Plural number 39

o 14132
3.20194
0 91154

4.25480

1.72869
0.14132

*58737

Natural
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Natural number — — - 39 - -
Natural sine of greater altitude — 94637 — —

- 90° o'
Natural sine of merid. altitude — 94676 71 13

Meridional zenith distance — 18 47
The sun’s declination — — 20 41

1.58737

Latitude of the sltip 39 28 North.

Example II.

Nov. 21 st 1779, being at sea, in latitude 50° 40' N. by account, and longit”^
48° West, at io h 17 ' 306 by watch, the altitude of the sun’s lower limb was oh'
served to be 170 42', and at 11K 17' 30" it was 190 31 the height of the ob'
server’s eye above the surface of the sea being 21 feet : what was the latitude 0
the (hip ?

Alt. of fun’sL . L. at ist ob.
Dip of the horizon, sub.
Refraistion, sub. ■—
Semi-diameter, add -

170 4'  15 " Alt. os sun's L. L. at 2d ob. 19° 31' 45
4 22 4 22
3 4 2 39

16 15 16 i 5

1/

True alt. fun’s cent. i ? *3 4 19 40 59

Time by Alt . fun’s
watch . center.

io ° iy / 30 " - 17° 13 -
xi 17 30 - 19 41 - 33682

100 elaps. time.
030 o half elapsed time
i o 50 middle time

Natural
sine. Lat . by acc. 50° 40' sec.

29599 Suu’sdeclin. 20 o sec.
Log . ratio

- Logarithm
Logarithm

4083 -
0 . 223

o 30 50 time from noon

Nat . number — 538
Nat. sine gr. alt. — 23682
Nat. sine mer. alt. - 34220

Log . rising
Log . ratio

3.6109°
0.88435
47̂ 5

— 2 .95599
— 0.225o4

1-73 °^
90°
ao

o
1

Meridional zenith distance
The sun’s declination

Latitude of the ship

69 59
20 o

49 59 N,
As the latitude resulting from this computation differs 41 miles from that ■̂

account, the operation must be repeated, using the last found latitude instea
that by account.
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Last found latitude 49°
Sun’s declination 20

59' sec.
0 sec.

049178
0 02701

Diss. N. sines 4083 -
Half elapsed time oh 30 ' 0"  -

Log. ratio
Logarithm
Logarithm

0.21879
3.61098
0.88430

j 00 - Middle time - 4 .71407

Time from noon - 0 30 0 - Log. rising -
Log . ratio

2 93223
0.21879

Natural number — 517 - -
Natural sine gr . altitude 33682
Nat. sine mer. altitude 34199

Logarithm -
90 0
20 0

271344

7o o zenith dish.
20 o sun’sdeclin.

50 o latitude N.

The latitude last found differing only one minute from that used in the opera-
,0n may be relied on as the true latitude.
la the two preceding examples it has been supposed that both altitudes were

Iĵ en at the same place ; but as that can seldom happen at sea, it is necessary to
I how to correct one of the altitudes so as to make it what it would have
ĵ u if observed at the same place where the other was r and this may readilye done as follows;

Let the bearing of the fun be observed by the compass at the instant of the
observation: take the number of points between it and the (hip’s course, cor¬

ded for lee-way, if she makes any;  with which, if less than eight, or with
^hat it wants of 16 points, if more than eight, and the distance run betweenobservations, enter the ‘Traverse'Table,  and take out the difference of latitude
jjQ|'responding to them. Add this difference of latitude  to the first altitude, if the
^kiber of points between the fun’s bearing and (hip’s course were less than
jJSht; but subtract it from the first altitude, if the number of points were more
j >1eight, and it will be reduced to what it would have been if observed at the

pl ace where the second was.
^ote,  The result of the operation will be the latitude of the stiip at the time,? en the second altitude was taken, and must be reduced to noon by means of
1,5 log.

Example III.

ji,November 19th 1779, latitude by account 47° 34' N. longitude 30° E. at3° " by watch, the altitude of the fun’s lower limb was observed to be
24' , And the bearing of its center by compass, S. b. E § E. and at
54' 10" the observed altitude of its lower limb was 21"45s ', the height of
°bferver’s eye being 20 feet. The (hip’s course, by compass, was E. | 8.

t^ .be rate of seven knots, and she made no lee-way : what was the true lati-
? °f the ship at the time of the latter observation?

C 2 Ship’s
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Ship’s course E. f S. — points
Sun's bearing S. b. E, $ E. ij points

Angle between - 6| points, distance run 21 miles.
Difference latitude (add) — 7' o ''
Alt , sun’s low, limb, 1st obf. 17 24 0

First altitude reduced
Dip of the horizon, subt.
Refraction, sub. —
Sun’s semi-diam. add —

True alt, sun’s center

1731 o Alt. fun’s lower limb, 2d obs.
4 16 - —
3 o —— —

16 15 — —>

If
2t » 45' 3°

17 39 59

Time by Alt. sun-s Natural
watch. center. sine.
9h 55 3°

12 54 to
17° 40'
Si 55

3V348
37326

58 40 elaps. time 6978
1 29 20 half elaps. time
o 33 12 middle time

p 56 10 time from noon

Natural number
Natural sine of greater alt.

Natural sine of mer. alt.

Lat . by ace. 47° 34' sec.
Sun’s decl. 19 30 fee.

— Log. ratio
— Logarithm —

— Logarithm
— ' Logarithm

Log . rising
Log . ratio

1901
37326

39227
90
23

Meridional zen. dist.
Sun’s declination

Latitude of the strip

66 54
19 30

47 24

4
2 22

16 -5

21 55 1

O.C2&
0.1
3.843^

Lfj
4 46o4l

3.27m

Example IV.
&

October 28th 1766, latitude by account, at the time of the latter ah’^
47° 5°'  N . at xxh 28 ' 20" , A . M. by watch, the altitude of the fun’s
limb was observed 28° 18', and the azimuth of his center by compass, S. j3.
At 2h 58 ' 20' ' by watch, the altitude of his lower limb was found 160 4 ° L A,
height of the observer’s eye being 20 feet ; moreover the snip’s course was
with her larboard-tacks on board, at the rate of six knots, and stie made ^
point iee-way r what Was the latitude of the strip when the latter altitude
taken ?

Ship’s po. N E, with § a point lee-way on the larboard-tack makes r "Ah"
Which is twelve points and a half from 8. b. W. the fun’s bearing at the m ^

Which being taken from 16 points, because it is above eight, 1 ^
32 P
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p Points. This , as a course, with 21 miles,
Rations , gives diff. of lat. sub. o" 16' o"

h sun’s low. limb at ist obf. 28 18 0

the distance run between the ob-

r
J ' ft altitude reduced — 28 - 2 0 Alt. fun’s 1. limb, 2d obf. 16° 40' 0"
JP of the horizon, sub. - 4 16
^bastion , sub. - 1 46
^ •diameter, add - 16 10

4 16
- 3 8
- 16 10

*h
rUe alt. of the center - - 28 12 8 — — — 16 48  46

little by Alt . sun’s Natural Lat . by acc. 470 50' fee. - - 0.17309
^atch . center. fine. Sun’s decl. 13 17 sec. - - O.OI 178

lh 28' 2o" 28° 12' 47255
ll 58 20 16 49 28931

Log . ratio — - 0.18487

0 claps time 18324 — — Logarithm — 4 .26302
1 45 0 half elapsed time —- Logarithm — 0-85432

1 14 0 middle time — —- Logarithm — 4.80219

0 31 0 time from noon — — Log. rising >— 2.96067
Log. ratio — 0.18487

ĵ atural number - 597
Natural sine of greater altitude - 47235

2.77580

Natural fine merid. altitude 47852 =
90° 0'

= 28 35

The sun’s meridional zen, distance 61 25
The fun’s declination iZ r 7

The lat . of the (hip — 48 8 N.

. Remark  I . The operation is the fame whether the fun hath north or south
ĉlination ; and also whether the sifip be in north or south latitude.

> Remark  II . When the fun hath no declination, the secant of the latitude will
e *he log. ratio.

Remark  III . The observations mult always betaken between nine o’clock in

j morning and three in the afternoon ; and the nearer the greater altitude is •
0 rtoon, the better.

^ Re mark  IV , If both observations are in the forenoon, the interval must not
e much less than half the distance of the first observation from noon.
, Remark  V. If both observations are in the afternoon, the interval between
e,o must not be much less than the distance of the first observation from noon,
Remark  VI. If one observation be in the forenoon, and the other in the after-

°0r*, the interval must not exceed four hours and an half.
Remark  VII. The above limitations are founded on a supposition that the fun’s

l ^ idional zenith distance is not less than the latitude of the place ; but if the
iĵ 'sode of the place should be double the fun’s meridional zenith distance, the

of two altitudes taken in the forenoon must not be before half past nine, nor

£ e second before three quarters past ten. The first of two taken in the after-*
must not be later than a quarter past one, nor the second after half past two.

If
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If one be taken in the morning and the other in the afternoon; that in the fCi°X\
ing mult not be taken before half past nine o’clock, and the interval bet've
them must not exceed 3* hours. , . \

Remark  VIII . If the latitude of the place be three times the fun’s merid*0^zenith distance, the first of two observations taken in the forenoon must p°l .g
before ten o’clock, nor the second before eleven. The first of two taken >0 ^
afternoon must not be later than one o’clock, nor the second after two. 1*Oj0observation be taken in the forenoon, and the other in the afternoon ; th* 11
the morning must not be before ten, and the interval between them must not
ceed 3 hours.

Remark  IX . If the latitude be five times the fun’s meridional zenith dist an' |jthe first of two observations taken in the forenoon must not be before half P
ten o’clock, nor the second before a quarter after eleven. The first of two ta ,
in the afternoon must not be later than three quarters past twelve, nor the fe°°later than half past one o’clock. If one be taken in the forenoon, and the ut
jn the afternoon ; the morning one must not be before half past ten, and the
terval between them must not exceed two hours and a quarter . .

Remark  X . If the latitude be twelve times the fun’s meridional zenith dist311̂
the first of two observations taken in the forenoon must not be before eleveno’ri0̂nor the latter before half past eleven. The first of two taken in the astern0.
must not be after half past twelve, nor the latter after one o’clock. If one he
the forenoon, and the other in the afternoon, the morning one must not be 3fore eleven o’clock, and the interval between them not more than an hour ‘1an half.

If the preceding remarks be attended to, the latitude found by the cal cU

tion \31ll be, at least, five limes nearer the truth than the latitude by acco ul̂that is, rile error in the computed latitude will not be above a fourth part of .jjdifference between them : and hence a judgment may be formed whether it
be necessary to repeat the computation with the latitude last found or not.

PROBLEM V.

The apparent time, the sliip’s latitude and longitude, and the fun’s declina
being given, to find its altitude.

tioU

Rule.
If the fun

south, take
ference for the fun’s meridional altitude.

botj1i’s declination , and the co -latitude of the ship be both north or D
their sum* ; but if one be north and the other south, take their

th*With the apparent time from noon enter Table XVI. and take the log arl j.)[)£corresponding to it out of the column of log. rising -, to which add the
of the latitude, and the co-sine of the sun’s decimation; their sum, reje° jng20 from the index, will be the logarithm of a natural number, which h
subtracted from the natural sine of the meridional altitude, will give the oa
fine of the sun’s altitude at the given time,

Example I.
What is the true altitude of the fun’s center in latitude 49 0 57 ' N. 0025th 1780, at 6h 56 ' 2o'' in the morning ?

ApPa”
If this supi exceed jo ° take it from 1800, and use the natural sine of the remainder.



Apparent time -

Time from noon

platitude —“un’s declination

Meridional altitude
True alt. fun’s (tenter 23 49

C 2Z 1
i 2?' 0s o '>
6 56 20

5 3 4o  Its log. rising (Tab . XVI.)
40° 3' N. log. sine (Tab . XIX .)
19 34 N.  log . co-sine (Tab . XIX)

45876 log.
59 37  Nat . sine 86266

Nat. sine 40399

4.87890
9.80852
9-974J7
4 .661 C9

Example II.

What was the true altitude of the fun, at London, November 24th 1779, at
3 2ri 30^ apparent time, in the afternoon?

Apparent time from noon 3h 2 if 30*7 > Log . rising —
^ -latitude — 38° 28' N. — Log . sine —
“Hips declination - - 20 38 8, — Log . co-sine —

Ju. 21088 Log.
Meridional altitude 17 50 Nat. sine 30625

True alt. sup’s center 5 28 Nat. sine °9537

PROBLE M VI.

4 .55900
9-79383
9 .97121

4 .32404

to The apparent time, and the latitude and longitude of the ship being given,
find the altitude of any known-fixed liar.

Rule.

jj. Turn the longitude of the ship into time ; and, if it be west, add it to, but
)(  be east, subtract it from the apparent time at the siiip, and it will give the

\Meat Greenwich. Take the sun’s right ascension for that time out of the
Osteal Almanac, by the help of Tab . XXIII . and add it to the apparent

at the {hip, which will give the right ascension of the mid-heaven. Take
^ 5 star’s declination and right ascension out of Tab . VII. and take the difference
JW 'een its right ascension and the right ascension of the mid-heaven, which

‘st be the distance of the star from the meridian-

>jWith the distance of the star from the meridian take the log. rising out of
*bIeXVI. to which add the co-sine of the (hip’s latitude, or the sine of its

ff 'latitude , and the co-sine of the star’s declination ; their sum, rejecting 20
t| °M the index, will be the logarithm of a natural number, which being sub-
jested from the natural sine of the meridional altitude of the star (found as
th the  seceding probleip) will give the natural sins of the star’s altitude at
' e Area time.

Example
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What was the true altitude of Aldebaran, at Louden , on April the
1780, at 5h 56s 22" apparent time?

Apparent time — Sb S^' 2°n
Long . in time W. 22

Time at Greenwich 5 5642 Sun’s/R i h 2Zr 53" by Tab *XXIII.
App. t' m'’ r "A onH

Right ascension of the mid-hcaven
The star’s right ascension(Tab . VII.)

Distance of the star from the meridian

Declination of Aldebaran (Tab . VII.)
Co-latitude of London — —

Meridional altitude of the star
Natural number — 167 -17 log. 4.224' ''

The star’s true altitude — 40° 18' Nat . sine 64671

PROBLEM  VII.

The apparent time, and the latitude and longitude of the ship being gi fel>’
to find the true altitude ol the moon’s center.

Rule.

Turn the longitude of the ship into time ; and if it be west, add it to,
if it be east, subtract it from the apparent time at the thip, and it will give l

time at Greenwich. By the help of Tab . XXIII . take the sun’s right a ĉe ^.1jp,
out of the Nautical Almanac, p. II . and add it to the apparent time at the

which will give the right ascension of the mid-hcaven. To the time at Gre c

wicb, take the moon’s declination and right ascension out of the Nautical Alm3̂
(p. VI.) by the help of Tab . XXII . Turn the right ascension into time, and
the difterende between it and the right ascension of the mid-heaven, which

be the distance of the moon from the meridian. 0f

With the distance of the moon from the meridian take the log. rising ° ot cg.
Tab . XVI. to which add the co-sine of the snip’s latitude, or the sine of lts
latitude, and the co-sine of the moon’s declination ; their sum, rejecting.

from the index, will be the logarithm of a natural number, which being 1
tracted from the natural fine of the moon’s meridional altitude (found a? j

Problem V.) will give the natural sine of the moon’s true altitude at the g
time.

7 *9  13
4 23 20

2 55 53 L°g - rising 4.44?^
16 3 N. Co-sine — 9 .982D
38 28 N. Sine — 9.793^

54 31 Nat . sine 81428

E x a 1.1 v 1. E.

What was the true altitude of the moon’s center, August the 26th i l^ >

i9 h 16 ' 3r ", apparent time, in latitude 14° 45s 8 . and longitude 167°

it

ApP arCl)t
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^PP-’rent time 19* i6; 52"
!Ps long, i 67°~ i j 8 o £ .

^ — -
at Greenwich 8 8 52 © VH^ lo'121'  5 1". D VR = 37° 55/ Dec. ioei9 ,N.

Pparcnt time at the (hip — 19 16 52

ascension of the mid-heaven 5 38 43
°°ffs right ascension in time — 2 zi 36

'“Wee of the moon from the meridian 3 6 47 Log . rising 4 -497 11

J'jon’s declination io ° 19' N. — — — Cb-sine' 9 .99292
""'Ps co-latitude 75 '5 s - — — — Sine —- 9.98545

^°°Q’s merid. alt. 64 56 Nat . sine 90982
Nat . number 29887 Leg. 4 -47548

’Jitue alt, moon’s center 370 22/ Nat . sine 60695

Scholium.

,1 'he operations in the three last problems bting out the true altitude of the
^JctTt; if, therefore, the, apparent altitude be wanted, as is most commonly

cafe, the difference between the refraction and parallax in altitude must be
I | êd to the true altitude of the fun ; the refraction must be added to the true
^stude of a star ; and the correction, taken out of Tab . VIIL must be sub-
|-‘a<sted from the true altitude of the moon, thus found, to obtain their re-
•'"'stive apparent altitude.

. Jhe latitude of a place
"vd the apparent time at that place

PROBLEM VIII . ,

the fun’s declination, and its altitude being given

Rule.

tj Pstarn the observed altitude subtract the dip of the horizon, and the testae-
t°° ; and to the remainder add the sun’s femi-diameter ; the sum wit! be the
^altitude of the (un’s center. Subtract the natural sine of the altitude, thus.
t; rre <sted, from the natural sine of the meridional altitude, found by the direc-
se°ns  given in Problem V. and to the logarithm of the remainder add the log,

of the ship’s latitude, and the log. secant of the sun’s declination; their
tjl? ) rejecting 20 from the index, must be sought for in Tab . XVI. under log.
HQln§> and the time corresponding to it is the apparent time from the nearest
h °D*when the fun’s altitude was observed. Consequently, if the observation

j^ade in the forenoon, the time, thus found, must be taken from 24 hours,
d remainder will be the apparent time from noon of the preceding day.

Example I.

j^ rch 5th 1780, about half past 2 P. M. in latitude 160 24/ N. longitude
E, the altitude of the fun’s lower limb was observed to be 47° 13', the ob-

d server’s
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server’s eye being 20 feet above the surface of theses , what was the r.pp» refl*
time when this observation was made]?

Refract . (Tab . I.) or
Dip (Tab . 11.) 4 ?6

Sum 5 9
Sun’s semi-diam. l6 9

Correct. © ’s alt. u 0
Obs.al. Q ’sl .1.47 13 Q

True alt. fun 47 24 0

Sun’s declin. N. A. 5° 4i / 30" S.
Ship’s long. gives + 841 ) T .WeV I.
Time from N. gives — 2 21 j

Sun’s declination 5 47 50 S. secant lO ’°Cl'0i
Co-iatitude — 73 36 o N. co-sec. IO-0-1

Mer. ait . 79 34 Nat.si.92587

— 1— Nat. sine 73610

Apparent time 27' i 11

18977Jog.4.27^

rising 4.2$85°

Examhe II. I

July the 9th ?77S, about 8 A. M. in latitude 340 55' N. longitude 40° W- ^  i
altitude of the sun's lower limb was observed to be 36° 49U ; the observer’s ■ !
being 21 feet above the surface of the sea : what was the apparent time Wliect -
this observation was made ?

Refr . (Tab . I.) 11 iG 11
Dip (Tab . II .) 4 22

Sum 77 5 38
Sun's seml-dia . 15 47

Cor. Q ’salt . 10 9
Alt. O 'si . 1- 36 49 30
G ’s true alt.36 59 39

Sun’sdecl.Naut. Al. 22° 23^ 15'sN.
Ship’s long. gives - 52 I Table VT
Time fr. Noon gives + r 18 j iaQe  b

Sun’s declination 22 23 41N . log . sec. io .03j »
Co-Iatitude — 55 5 o N. log.co-sec. iq-0^'

Meridional alt. 77 28 41 nat.si.97623
- - - Nat . sine 60181

Time from Noon on the 9th - - zi>38' 22^
24 o o

37442 log-4-5̂ <

Log . rising 469)
6i

Apparent time on the 3th 20 x 38

PROBLEM  IX.
The latitude and longitude of a place, the right ascension, declination,

altitude of a fixed star being given, to find the apparent time at that place*

3!̂ !

Rule. a]ti-
Subtract the dip of the horizon, and the refraction, from the observê 0[tude of the star ; and let its right ascension and declination be taken .«

Tab .VII. for the given year, &c. Find also the meridional altitude of the ^ ok
direction given in Prob.V. ; from the natural sine of which take the natural 40
the star's corrected altitude, arid find the logarithm of the remainder-
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this logarithm add the logarithmic secant of the latitude of the ship or place,,
and the logarithmic secant of the star’s declination ; their sum, rejecting twenty
from the index, must be sought for in Table XVI. under log. rising,  and the time
corresponding to it will be the distance of the star from the meridian ; which be¬
ing added to the star’s right ascension in time, if the star was west of the meridian
at the time of observation, or subtracted from it, if the star was then east of the
weridian, will give the right ascension of the mid-heaven. Find she sun’s right
ascension in time, by help of Table XXIII . for noon at the given place, and sub-
b'act it from the right ascension of the mid-heaven ; the remainder is the estimate
sitne. Enter Table XXIII . a second time, wish the estimate time, and daily va¬
cation of the sun’s right ascension, and subtract the minutes and seconds, thus
found, from the estimate time ; the remainder is the apparent time when the al¬titude of the star was observed.

Example.
April 14th 1780, latitude 48° 56' N. longitude 66° W. the observed altitude of

■Aldebaran, west of the meridian, was 22° 24 }' ; the height of the observer’s
eye, above the surface of the sea, 21 feet : what was the apparent time when that
observation was made ?

Sun’sÆ-fornoonatGreenw . i h 3i' i' ! Refraction, ' Table I. — 2'  i8 //
Long. 66°W. Ta .XXIII . giv. -j- 41 Dip, Table II. — — 4 22

D 'nAl at noon given place

star ’s decl. Table VII . —
^o-latitude — —

star ’s meridian alt. -
■True alt. star, - -

difference of the nat. sines
Latitude of the snip —
Star’s declination —

I 3 1 42

16 3 N.
41 4 N.

57 7 ^
22 18 ]

Correction
Observed alt. star

True alt. star

Nat . sine 83978

— 46032
48° 56' o" - Log . secant
16 30 - Log. secant

6 40
22 24 30

22 17 50

Log. 4.66306
— 10 . 18248

— 10,01727

^tar west of the meridian —
Star’s right ascen. Table VII , —

Light ascen. mid-heaven —
Sun’s right ascen. at noon —

Estimate time —- -
Number from Table XXIII . subt.

Apparent time — — -

4h 57 8
4 23 20

9 20 28
1 3i 42

7 CO46
0 I 12

7 47 34

Log. rising 4 .86281

PROBLEM X.

Having the apparent, or observed, distance of the moon from the sun, or a fixed
-R, together with the observed altitude of each, to find their true distance.

d % Rule*
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Rule.

ist.

First method, or Mr. Lyons 's improved.
To the proportional logarithm of the star’s refraction, or the different

their
first

* r f - o J t * C she
between the inn’s refraction and its parallax in altitude, add the co-fine ot o
fun or star’saapparent altitude, the sine of the apparent distance of the mo0a
from the fun or star, and the co-fecant of the moon’s apparent altitude:
sum, rejecting 30 in the index, will be the proportional logarithm of the
arc.

2d. To the proportional logarithm of the star’s refraction, or the din es'
ence between the fun’s refraction and its parallax in altitude, add the co-tangeD
of the fun or star’s altitude, and the tangent of the apparent distance of m
moon from the fun or star ; their sum, rejecting 20 in the index, will be m
proportional logarithm of the second arc. ,

3d. If the apparent distance be less than 90°, take the difference between tn
sti lt and second arcs, which must be added to the apparent distance, if the m
arc be greater than the second, but subtracted from it, if the second arc 0
greater than the first : if the apparent distance be greater than 90% the suiff"°j
the two arcs must be added to the apparent distance, to give the distance cos'
rected for the refraction of the fun or star.

4th . Take the correction of the moon’s altitude out of Table VIII . to m
proportional logarithm of which add the co-Iine of the moon’s apparent altitude
the sine of the distance corrected for the fun or star’s refraction, and the c0 .,<
cant of the fun or star’s true altitude ; their lum, rejecting 30 in the index, ^
be the proportional logarithm of a third arc. ,

5th . To the proportional logarithm of the correction of the moon’s altiti’d
add the co-tangent of the moon’s apparent altitude, and the tangent of the d>
tauce, corrected for the fun’s or star’s refraction ; their sum, rejecting 20 in £tl
index, will be the proportional logarithm of a fourth arc. o

6th . If the distance, corrected for the fun or star’s refraction, be less than 9° ’
take the difference between the third and fourth arcs, which difference must “
subtracted from the distance, corrected for the sun or star’s refraction, if 111
third art be greater than the fourth ; but it must be added to it if the fourth ar̂
be greater than the third : if the distance, corrected for the fun or star’s refr aĈ
tion, be greater than 90°, the sum of the two arcs must be subtracted from,,
to obtain the distance corrected for the sun or star’s refraction and principal ct*e
of the moon’s parallax. .s

7th . Enter 'Fable XIII . under the apparent distance, corrected for fun orst ar
refraction and principal effect of parallax in the top column, with the correct1 ^
of the moon’s altitude in the left-hand fide column, and take out the number ^
seconds which stand under the former and opposite to the latter. Enter it a8alj
under the same corrected distance in the top column, and opposite to the prinOR
effect of the moon’s parallax in the left-hand side column, and do the like ^
difference of these two numbers must be added to the distance, corrected for
fun or star’s refraction and the principal effect us the moon’s parallax, if th® .
ranee, so corrected, be less than 90" ; but it must be subtracted from it, tf 1
distance be greater than 90°, and the sum or difference wiil be the true dista 11
of the

Scholium.

It will greatly expedite the computation if all the logarithmic sines, tangents
:c. which full at the fame opening of the book, be taken out at the fame 1 , ,,hetbct’
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^ether they relate ta the first or second parts of the operation : thus, the co-
lne and co-tangent of the star’s apparent altitude, and co-fecant of its true alti-

may aii be taken out at the same time, and written down in different parts of
d'e pap er ; and so also may the co-sine, co-tangent, and co-secant of the moon’s
^Parent altitude ; the fine and tangent of the apparent distance ; and the sine
5tld tangent of the distance, corrected for the refraction of the fun or star.

Example I.

Admit that the apparent altitude of a star was 240 48 ' , when that of the
goon’s center was 120 30 ' , and their apparent distance 510 28 / 35" ; the moon’s

Ôrizontal parallax being 56'' 15" : what was their true distance ?

Star’s apparent altitude
Star’s refraction —

24° 48"
2

Star’s true altitude 24 45 57

ar ’s refraction 2' 3" P. L. 1.9435
:ar ’s apparent alt. - 24° 4s 7Co-sine 9 .9580

‘‘Pparent dist. — 51 29 Sine - 9.8934
toon’s apparent alt . 12 30 Co-sec. 10.6647

2.4596 —P.E . istareo 37s
Erection of the dist. for the star’s refraction
^Parent distance -- -

— — — I -94Z5
— Co-tangent 10.3353
— Tangent - 10.0991

Sec. arc o/ 45f- //P.L . 2.3779

o 8 sub.
51 28 3i

corrected for the star’s refraction 51 28 27

u° rr -moon’s alt.Tab . VIII . 50^42 /A  P . L . 0.5502
|j 0ou’s apparent altitude 1 2° 30 Co-sine9.9896
dt. coir. for star’s refrac. 51 28 Sine - 9,8933

true altitude — 24 46 Corsec. 10.3779

- -- 0 .5502
- Co-tangent 10.6542

Tangent - 10.0988
4th arc 8' 57 //P.L . 1 3032

0.81 lOIZP.L.3darc27 49

y Principal effect of the moon’s parallax
‘ftance corrected for the star’s refraction

corr. for star’s refract, and princip. effect of parall
^ rr- moon’s altitude in Tab . XIII . gives o'  i Q//
Cc°ud corr . dist. in Tab . XIII . gives - oz

llle  dist. of the moon and star - —

| diff.

18 52 fubt.
51 28 27

5- 9 35
15 add

5i 9 50

Example II.

the apparent altitude of the fun’s center be 84° 7st that of the moon 5®17/,
4^ ? Pparent distance 90° 21' i z ŝt and the moon’s horizontal parallax 6i ' 48' ' :
a îrect the true distance of their centers ?

Refraction
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Refraction of the sun — 6V
Parallax in altitude — i

Correct. of the fun’s alt. 5
Sun’s apparent alt. - 84° / o"

Corr. fun’s alt.
Sun’s app. alt.
Apparent dist.
Moon’s app. alt,

Sun’s true altitude - 84655

*0' 5" P . L . 3.3344
84° 7/ Co -sine 9.0107
90 21 Sine 10.0000

5 17 Co-fe. 11.0358 - 1st arc o'
3.3809P .L. rd are o

Co-tang.
Tangent 12

of " P. L . 4-5

Correction for the fun’s refraction -- - o 5 add
Apparent distance -- - 90 21 13

Distance corrected for fun’s refraction 90 21 18

Corr. of D’salt . T . VIII . 52' 4" P . L . 0.5387
Moon ’s apparent alt . — 5° 17' Cos. 9 .9982
Dist. correct, fun’s res. 90 21 Sine 9,9999
Sun’s true altitude — 84 7 Co-fe.10.0023

0-539 1
4th arc o' 7

= P .L. 3darc52 1

Co-tang. 1
Tangent

,/ 'P .L.3-zC

Principal effect of the moon’s parallax - — 52 8 fubt.
Distance corrected for the fun’s refraction - - 90 2118

Dist. correct, for © ’s refract and princip. effect of parallax 89 29 io ; wh!ĉ 1
the true distance in this cafe, the correction from Table XIII . being nothing'

Example  III.

Suppose the apparent altitude of the star was 50 6',  that of the moon’s cet!, $
88°- 46 ',  their apparent distance 89° 58’’ 6// , and the moon’s horizontal para  >
6i / 18" ; what would the true distance of the star from the moon’s center be>

Refraction of the star - 9'' 44"
Star’s apparent altitude - 5 6 o

Star’s true altitude — 4 56 16

Star’s refaction - 9' 44"
Star’s apparent alt. 5° 6'
Apparentdislance 89 58
Moon’sapparent alt. 88 46

P . L.
Co-sine
Sine
Co-fec.

1.2670
9.9983

10.0000
10 .0001

Co-tang
Tangents,

'p
1.2654 “ P. L. i st arc 9 46

Correction for the star’s refraction - —
Apparent distance

9 46 add
89 58 6.

Distance corrected For the star’s refraction Cos!'9° 7 52
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^ rr. D’salt . Tab . VIII . i / i7 // P’ L - 2.1469 - - - 2.1469
J °°n’s app. alt. — 83° 46^ Co-fine 8.3329 - - Co-tang. 8.3330

^ corr. for star’s refr. 90 8 Sine 10.0000 - - Tangent 12.6332
^ar’s true altitude — 4 56 Co-sc. 11.0655 4tharco / 8| //P.L . 3.1131

I -5453 = P-L-3d arc 5

h.
f ri ncipal effect of the moon’s parallax - - 5 t6 fubt.
^>st. corrected for the star’s refraction - 90 7 52

.Distance corrected for principal effect of parallax 90 2 36, and which is
true distance in this cafe, because the correction from Table XIII . is no¬

ting.

E X A M P L E IV.

The apparent altitude of the fun’s center was observed to be 19° 3/ 36^ , that
^ 'he moon’s center 71° 6' z" , the apparent distance of their centers 103° 29' 27" ,
^ the moon’s horivontal parallax, at that time, was 58' 35" : what was the
r"e distance of their centers ?

Refraction of the fun -
Its parallax in altitude —

z' 44 //
8

Correction of the fun’s alt. 2 36
Sun’s apparent altitude- • >9 3 36

Sun’s true altitude — 19 I O

I ^0rr. © ’salt . 2/ 36" P. L . 1.8403 - - 1.8403
1 ^ ’sapp. alt. 19° 4'' Co-sine 9.9755 - - Co-tang<?nt 10.4614
! ^Pp. distance 103 29 Sine 9 9879 - - Tangent 10.6202

^ ’$app . alt. 71 6 Co-fec. 10.0241 - - 2d are o^ irj " P. L . 2.9219
1.8278 --- P. L . ist arc 2 40!

Erection for the fun’s refraction - 2 53 add
Apparent distance - 103 29 27

^‘stance corrected for the fun’s refraction — 103 32 20

^QrM >’s alt. T .VIII . 18' 39" P. L . 0.9846 - - 0.9846
k .° ° Q’s apparent alt . 71 ° 6 ' Co -sine 9 . 5104 - - Go - tangent 9 . 5345

l̂ .corr. © ’s refr. 103 32 Sine 9.9878 - Tangent 10.6185
Sutl ’s true altitude 19 1 Co-fec. 10.4870 - 4th are 13' 6f" P.L-1. 1376

0.9698 —P. L . zdarc 19 17Z

^' incjpal effect of the moon’s parallax 32 24 fubt.

Priti
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Principal effect of the moon’s parallax - 32 24 fubt.

Distance corrected for the sun’s refraction — 103 32 20

Distance corrected for the principal effect of parallax 102 59 56
Corr . moon’s alt. gives in Tab . XIII . — o mm snht
Second corr. distance Tab . XIII . — if 3 ' 2

True distance of the sun and moon -- - 102 59 54s

Another METHOD,  or Mr. Duntborne ’s improved.

iff . With the moon’s apparent altitude and horizontal parallax, found .
Nautical Almanac, p. VII . take the logarithm out of Table IX . which testri
and also the correction of her altitude out of Table Vfif.  to which add the
fraction of the star, and call their sum the correction of the moon’s altitude.

2d. If the altitude of the star be greater than that of the moon, take the
correBion  from the difference of their apparent altitudes ; but let them be (
together if the altitude of the moon be greatest, and you will have the diffe*'est
of their true altitudes : of which take half.

zd . To the apparent distance of the moon and star add the difference of ^ u.
apparent altitudes, and take half the sum: also, from the apparent distance>D
tract the difference of the apparent altitudes, and take half the remainder.

4th . Add together the logarithmic fine of this half sum, the logarithmic ^
of the half remainder, and the logarithm above-reserved ; reject radius st0
the sum, and half of what remains, will be the logarithmic line of an arch-

5. Take the sum and difference of this arch and half the difference of the
altitudes , found by the second rule, and add together the logarithmic
of this sum and difference : half the sum of these two logarithms will be thc
gavithmic co-fine of half the true distance.

E X A M P
P



Admitthattheapparentaltitudeofastarwas24°48ŵhenthatofthemoon’scenterwas12°30' ,andtheirdistance

.51°28'33" ,themoon’shorizontalparallaxbeing56'13";whatwasthetruedistance?

App.alt.G24"48' o"|
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PROB t B S

Bythismodeofcomputation-theoperationisveryshort,andtheuseofnaturalsinesisavoided,whichisalwaystrouble¬
some,andmoreespeciallytopersonswhoarenotaccustomedtousethem;butwhatconstitutestheprincipaladvantageof thisnewmethodis,thatthere,isnodistinctionofcafes,asrneveryoneelsewhichhashithertobeenofferedtothepublic,and whichembarrassesseamenmorethananythingelse:inMr.Dunihorne’smethod,fromwhichthisispartlyderived,everyoneoftheprecedingExamplesfallsunderadifferentcafe;althoughsomeofthosecasesarenottherepointedout.
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PROBLEM XI.

Having the latitude os a Ihip and its longitude by account ; also the observed
■distance of the nearest limbs of the fun and moon, together with the observed al¬
titudes of their upper or lower limbs, to find the true longitude of the strip.

Rule.

rst. Turn the longitude of the strip, by account, into time, by means of Ta¬
ble XIV. and if it be west, add it to, but if it be east, subtract it from the esti¬
mated time at the strip, when the observation was made, and it will give the
time at Greenwich nearly.

2d. To this time take the moon’s femi-diameter and her horizontal parallax »
out of p. VII . of the Nautical Almanac ; also the fun’s femi-diameter for the day
out of p. III . and augment the moon’s femi-diameter by adding to it the numberof seconds found in Table IV. with her observed altitude.

3d. Correct the observed distance by adding to it the femi-diameter of the fun,
®nd the augmented femi-diameter of the moon : correct also the observed alti¬
tudes by subtracting the dip of the horizon, taken out of Table It . with the
height of the observer’s eye above the surface of the sea, and adding, or subtract¬
ing the semi-diamerers of the objects, according as the altitudes of the lower or
Upper limb were observed; by which means the apparent distance and altitudesof the centers of the fun and moon are obtained.

4th . With the apparent distance, and the two apparent altitudes, find the true
distance by either of the methods given in Problem X. or by the Para!lactic Ta¬
bles published by order of the Commissioners of Longitude , or by either of the
Methods which are given at the end of the Nautical Almanac for 1772.

5th. Amongst the distances of the moon’s center from the fun and fixed,stars,
Put down on p. VIII . IX. X. and XI . of the Nautical Almanac, find those two
distances of the fun and moon which are next less and next greater than the
Rue distance, found from the observation: take the difference between them ;
*iso between that which stands first in the Ephemeris, and the true observed dist¬
ance , and subtract the proportional logarithm of the former difference from the
Proportional logarithm of the latter ; the remainder will be the proportional lo¬
garithm of a portion of time, to be added to the time which the distance,
handing first in the Ephemeris, was computed for, and the sum will be the ap¬parent time at Greenwich.

6th . To this time take the fun’s declination out of p. II. of the Nautical Al¬
manac; and correct the apparent altitude of the fun’s center by subtracting from

the difference between the refraction of the fun and its parallax In altitude,
*aken out of Table I . and II. with these, and the ship’s latitude, find the apparent
Puie at the strip by Problem VIII.7th. Take the difference between the apparent time at Greenwich and the ap¬
parent time at the ship, and convert it into degrees and minutes by the help of Ta-
Ple XIV. and it will be the true longitude of the ship at the time of observation :

if the time at the ship be greater than the time at Greenwich, but west, if
time at the ship be less than the time at Greenwich.

Example-
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Example.

July the 7th 177.. ' about a quarter past three, P. M. in latitude 33° 37^ '
longitude 40°  W . by account, the following observations were taken ; the
height of the observer’s eye being 21 feet, and the corrections for the errors ot
the"several quadrants as underneath :

Altitude el Altitude of Oils. I)&c/s
fun’s low.lim Moon’sU. L nearest limb.

O / O / 0 / / /

45 54 19 32 109 51 45
45 45 19 52 52 45
45 l8 i 20 5 53 30
45 4 20 17-j 53 45

I001w] 20 34 54  15

226 50 15 100 20 30 16 0

45 22 3 20 4 6 109 53 12
sub. 48 lub. 1 .0 sub. 2 37
sub, 4 22 sub. 4 22
add 15 47 sub. 15 43 add 31 30

45 32  40 ls> 43 1 no 22 5

Estimated time at the strip3h 15'
Long. in time west - - 2 40

Time at Green w.  nearly 545

D'shor . par. (Nau. Al. p.VlI .) 57'
Moon's semi-diameter — 1$' 37
Augmentation(Ta.bleIV.) — ^

Moon’s aug. scmi-diam.

Sums to be divided by 5, the N° of obst

Means.
Corrections for the errors of the quad.
Dip of the horizon.
Semi-diameters.

Apparent distance and altitude*.

Reduction of the distance by the first method in Problem X.

Refraction of the fun’s altitude - - — 56'
The fun’s parallax in altitude — — 06

Correction of the fun’s altitude - o 50
Apparent altitude of the fun — — 45 32 4°

True altitude of the fun - — 45 31 5°

Cor. of the G ’s alt. c ' 50 ' ' P . L . 2.3344 - - ‘ 2' -’’A;
The 0 ’sapp .alt . 450 33 Co-sine9.8453 - - Co-tang. — 9-99 .
Apparent dist. no 22 Sine 9 .9720 - - Tangent -

Moon’s app. alt. 19 43 Co-fec. 10.4719 2d arc o' 19" P.
2.6236 ~ P. L . ist arc o 25s

Correction for the fun’s refraction - o 44s add.
Apparent distance cf the fun and moon - - no 22 5

Cor-

Distance corrected for the fun’s refraction no 22 49!
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Cor. moon’s alt. (Tab . VIII .) 51' 22' ' P. L . 0.5446
toon ’s apparent alt. I9° 43 f Co -sine9.9738
Dist. cor. for sun’s refrac. 11023  Sine 9.9719
The fun’s true alt. - 45 32 C0-sec.10.1463

0.5446
Co-tang. 10.4457
Tang . 10,4300

4 th arc6' 50 ;/P.L.i .4203

0.6368 —?.i..Z(I ar .41 32^

Principal effect of the moon’s parallax 48 22§ fubt.
Distance corrected for the fun’s refraction - no 22 49s

List. corr. for fun’s refrac. and princ. effect of parallax - 109 34 27
Corr. moon’s alt. 51' 22!1 in Table XIII . gives 8"  J ,.ff.
Parallax in dist. 48 22 in Table XIII . gives 7 J 1

True distance of the fun and moon — - — 109 34 26
Distance at 3h (Nautical Almanac, p, X.) - 108 5 58
Distance at 6h - — — — — 109 3716

Difference between the first and second
Difference between the second and third

Apparent time at Greenwich - —

Sun’s declination at noon July 7th 1775
5h 54 ' 25" P. M. on July 7th in Tab . VI. gives

1 28 28P .L.0.3085
1 31 18P.L.0.2948

2h 54/ 25 ,/P.L.o.oi37
300

5 54 25

22 36 51 N.
i 43 sub.

Sun’s declination July 7th 1775 at 5h 54' 25' /P . M. — 22 35 8 N.

Co-latitude of the ship - 56° 23 ' N . - - Co secant 10.07948:
The fun’s declination 22 35 N. - - Secant 10.03465

The fun's merid. alt. - 78 58 - Nat. fine 98152
The fun's true alt. - 45 32 - - Nat. fine 71366

Difference of the natural fines - 26786 Log. 4 .42791

Apparent time at the ship - 3h i7 ' 2i ,/ - Log . rising 4.54204

App. time at Greenwich — 5 54 25

Longitude of the ship — 2374  equal to 390 16 ' Ws

PROBLEM
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PROBLEM XII.

Having the latitude of a ship, and its longitude by account ; also the observed
distance of the moon’s enlightened limb from a fixed star, together with the ob'
served altitude of each, to find the true longitude of the ship.

Rule.

ist .' Turn the longitude of the ship, by account, into time, by means of Ta¬
ble XIV. and if it be west, add it to ; or if it be east, subtract it from the esti¬
mated time at the ship when the observation was made, and it will give the time
at Greenwich nearly.

2d. To this time take the moon’s semi-diameter and her horizontal parallax
out of p. VII . of the Nautical Almanac, and augment the moon’s femi-diameter
by adding to ic the number of seconds which stand in Table IV . against her ap¬
parent altitude.

3d. Correct the observed distance by adding to it the augmented femi-diawS'
ter of the moon, if the enlightened limb be that which is nearest to the star, ot
by subtracting the augmented femi-diametcr of the moon from it, if the enlight¬
ened limb of the moon be that which is farthest from the star : the result wist
be the apparent distance of the star from the moon’s center. Correct also the
two altitudes, by subtracting the dip of the horizon from each, and by adding
or subtracting the augmented semi-diameter of the moon to or from the moon’s
observed altitude, according,as its lower or upper limb was observed; and the
apparent altitude of each will be obtained.

4th . With the apparent distance and the two apparent altitudes find the true
distance by any of the methods mentioned in Art . 4, of Problem XI.

5th . With the true distance, thus found, find the apparent time at Greenwich
by the 5th Art . of Problem XI.

6th . Take the star’s right ascension and declination out of Table VII- and
correct its apparent altitude by subtracting its refraction, taken out of Tables-
With these, and the latitude of the strip, find the apparent time at the strip hV
means of Problem IX . and thence the true longitude of the strip by Art . 7,
Problem XI.

Example.

June the 12th 1773, about half past 9, P . M. in latitude 20 26 ^N. longitu^
by account 32° W. 1 observed the following distances of the moon’s remote htnt>
from a Aquila? : the height of the observer’s eye being 21 feet, and the errors ot
the quadrant as underneath ;

Al tit
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Altitude of Attitude of Distance of
the star. the moon’s the moon

upp. limb. and star.

O / 0 Q / //
18 30 55  24 50 26 0
18 40s 55 47 26 15
19 15 56 6 25 45
19 37 56 27 24 45
19 55 56 46 24 30
20 17s 57 5 24 30

116 15 337 35 151 45

19 22 30 56  15 5° 50 25 171
O O add 45 ' O O
4 22 4 22

16 36 16 36

19 18 8 55 55 37 Lri0
11

00!

Estimated time at the ststp9h o' ov
Longitude in time west 280

Time at Greenw. nearly 1180

Moon’s hor. par. (p.VII. Nau. Al.) 6o' 5"
Moon’ssemi-diameter - 16^ 23^
Augmentation (Tab . IV. - 13

Moon’s aug. semi-diameter 16 36

Sums, to be divided by 6.

Means.
Errors of the quadrants.
Subt. dip of the horizon.
Moon’s semi-diameter, subtract.

Apparent distance and altitudes.

The star’s apparent altitude
Refraction

19 18 8
2 41

The star’s true altitude - 19 15 27

Reduction of the distance by the second method in Problem X.

tog . from Table IX . — 9.993887
tog . from Table XI . — 1

tog . from Tab . IX . and XI. 9.993886 Correction from Tab . VIII . 33' 2"

Apparent alt. moon’s cent. 55° 56' Refraction of the star — 2 4 i

Apparent alt. star’s center 000\ Sum of the corrections - 35 43

tiff . apparent altitudes - 36 38 , - - 36 38 O

Apparent distance — c 00 Diff. true altitudes — 37 13 43

Half — Si

Sum —
Difference

difF. true alt.
Arch —
Sum —
Difference

86 46 41 ; half is 430 23 ' 20" Log . si. 9 .836923
13 30 41 ; half is 6 45 20  Log . si. 9 .070532

Log . from Tab . IX . and XI. 9 .993886
180 36 ' 51" Sum rejecting rad. —
16 23 46 - - Log . sine

- - Log. co-sine
- - Log . co-siue

35
2

o 37
13 S

25° 13' I4i "'
2

18.901341
9 -450671

9.9 i 33 io
9.999674

199129 84
- Log. co-sine 9.956492

krue dist. moon and star 50 - 6 29
Distance
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Distance at 9 hours - 44- 54
Distance at 12 hours — 5° 16 O

Difference first and second 1 18 25 P. L . — 3600
Difference second and third I 28 54 P. L . — 3064

2 38 46 P. L. — 0545
- 9 O 0

Time at Greenwich — 11 38 46

The sun’s light ascension for noon at Greenwich — 5^ 21^46^
In Table XXIII . 320 W . long. aud daily var. 4'  9 A give - 22 add

Sun’s right ascen. for noon at the place of observation 5 22 8

Co-latitude (hip —- 87° 34N.
Star’s declination, Tab . VII . 8 18 X.

Star’s merid. altitude
Star’s true altitude -

95 52
19 15

- Co-fecant
Secant

Natural Sine 99476
Natural sine 32969

10 oo°3?
io . oo45^

Difference of the Natural Sines — 66507 Log. 4 .822^

Star east of the meridian — 4h43/ 'K // - - Log .ris. 4 827^
Star’s right ascen. (Tab . VII .) l 9 39 5°

Right ascen. mid-heaven — 14 56 l $
Sun’s right ascen. at noon - 5 22 8

Estimate time — — 9 34 7
Numb . fromTab . XXIII . sub. I 39

Apparent time at the ship - 9 32 28
App. time at Greenwich - I I 38 46

Longitude of the ship in time 2 6 13, e<

Remark

In the two preceding Problems and Examples, the apparent time at
was found from the altitude of the fun, or star, which was taken at the fame
with the distances: but if it should so happen that the fun, or star, from j,
the moon’s distance is observed be very near the meridian ; or if, either
haziness of the atmosphere, or badness of the horizon there be reason to &
that such altitude is not exact enough for that purpose, which may be the ‘
and yet the altitude be sufficiently accurate for the purpose of clearing
served distance of the effects of parallax and refraction, then the times when j,
distances and altitudes were taken must be noted by a watch, and other
tudes, either of the fun, or a bright star, must be taken at a greater d) ‘ ^

dt



from the meridian* or when the air or horizon is clearer, and the times noted
hy the fame watch. By means of these last-mentioned altitudes the apparent time
at the {hip may be found by Problems VIII . or IX . and, of course, how muchthe watch is too fast or too stow. Correct the mean of the times when the dis¬
tances were taken by adding to it what the watch was too stow, or subtracting
from it what the watch was too fast, and the sum or difference will be the ap¬
parent time at the (hip when the distances were observed, reckoned from the me¬
ridian which the strip was under when the altitudes were taken for correcting the'vatch.

Example I.

February 17th 1775, latitude 540 25 ' S. and longitude, by account, io ° east,
at about a quarter past four P. M. the following observations of the fun’s altitude
t êre made ; the error of the quadrant being 24" to be added, and the height of
the observer’s eye, above the surface of the sea, 21 feet.

Times by the
watch.

Akicudes of
the fun’s
low. limb.

h ' " © /
3 43 10 24 42

43 37 39f
43 53 36i
44 t2 33h
44 3i 3i
45 7 27

264 30 209 45

3 44 5 24 39 55
24

16 13
4 22
2 4

Sums, to be divided by 6.

Means.
Error of the quadrant , add.
Semi-diameter, add.
Dip of the horizon, subtract.
Refraction, subtract.

24 50 6 True altitude of the sun’s censer.

Estimated time at the (hip - 4h 15 ''
f"°ng. in time east subt. - o 40

Estimated time at Greeaw. 3 35 in Table VI. Feb. 17th give 3'  5 ^ sub.
The fun’s declination at noon n 55 41 S-

Ws declination when the observation was made — 11 52 36 S.

f 2 Co-latitude
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Co-latitude of the strip 35° 35' S.
Sun’s declination - n 53 S.

* Co-fecant 10.235^
Secant — 10.00941

Meridional altitude 47 28 - Nat. sine
Sun’s true altitude - 24 50 - Nat. fine

73688
41998

31690 - Log . — 4-5°o^

Apparent time at the (hip — —
Time by the watch — — —

4h 14/ 42"
3 44 5

- Log . riling 4.7454?

Watch too stow for apparent time —— 0 30 37

About half past ten o’clock the same evening, the following observations
made of the distance of the star Regulus from the moon’s remote limb.

Times by
the watch.

Altitude of
Regulus.

Altitude of
Moon’slow.

Distance of
Moon and
Regulus.

h / //
9 5° 7

5- 32
55 7
57 11
59 19

19 5°l
20 2
20 15
20 29
20 40

?8 6 ^
18 21
-8  39s
18 55
19 q

28 27 "

294
3°i

274, 16 IOI 16 30 93 1° 3° -47 15
9 54 51

add 30 37

10 25 28

20 15 l8

sub. 4 22

18 38 6
add 7 30
sub. 4 22
add 15 12

28 29 27
add 2̂4

sub . 15 12

20 10 38
2- 34

20 8 24

18 56 26
The star’s r
The star’s t

,28 14 .39
efract. sub.
rue altitude.

Estimated time at the ship
Long. in time east .

Time at Greenwich —
Moon’s horizontal parallax
Moon’s femi-diameter
•Augment, Table IV.
Moon’s augmented semi diameter
Sums, to be divided by 5,
Means.
Errors of the quadrants.
Dip of the horizon.
Moon’s femi-diameter.
Apparent altitude and distance-

Reduction of the distance by the Erst method in Problem X.

Cor. of the star’s alt. 3' 34"
The star’s app. alt. 20° 11'
Apparent distance 28 15
Moon’s app. alt. 18 56

P L . 1.8459 -
Co-si. 9 .9725
Sine 9.6752
C0-fec.10.4888

1.9824 = P. L.

, - 1.84
Co-tang.

- Tang ■'
stdarciMai 'T .L.a.o1̂
1st arc 1' 52I"

Correction for the star’s refraction - - —
Apparent distance —

- o 7 add.
28 14 39

28 14 46

cork'

Distance corrected for the star’s refraction
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Corr. moon’s alt.(Tab .VIII.) 49 ' 45 v T -D. 0 .5585
^loon’s apparent altitude 18 56 Co-fi. 9 .9758
Dist. cor. star’s refract. 28 15 Sine 9 .6752
Star ’s true alt . - 20 8 Co-sec. 10.4632

0.5585
Co-tan. 10.4647
Tang . 9 -7ZQ2

4-th arc 31' 45i " L .P. 07534
0 .6727 —? .L.; darcz8 14s

Principal effect of parallax
Distance corrected for the star’s refraction

Corrected distance
Correct moon’s alt. in Table XIII . gives 41"
Parallax in distance Table XIII . gives 1

True distance of the moon and star

6 29 fubt,
28 14 46
28

add
8 17

40

Distance at nine hours (Nautical Almanac, p . X .)
Distance at midnight -- - - - -

Difference between the first and second
Difference between the second and third

Apparent time at Greenwich

28 8 57
27 43 39
29 16 54

At the strip

Longitude of the strip in time — -

Example

o 25 18 P. L . 8522
1 33 15P .L . 285c
** / //

048 49 P. L . 5664
900

948 49
to 25 28

o 36  39equal9 '’9 '̂E

II.

December 6th 1774, latitude 530 29 ^south, longitude 105° west, by account;
•'bout 20| h, or 8| h A. M. on the 7th, the following altitudes of the fun’s lower
hnrb were observed ; the error of the quadrant being 3' 4" to be subtracted, and

height of the observer’s eye 21 feet above the surface of the sea.
Times of the

watch.
Altitude of the

fun’s lower limb.

h / // O / //
2o 49 41 38 27s

50 32 35
5° 56 39
51 24 43
51 58 48
52 35 53

^ 3° 7 6 245 45

?o 51 II COCO 4xO| Gi

Sums, to be divided by 6.

3
4
1

16

22 Dip of the horizon, subtract.
11 Refraction, subtract.
18 Semi-diameter, add.

48 38 True altitude of the fun’s center.
Estimated
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"Estimated time at the ship — 2o h 15'
Longitude in time welt -- 7 o

Time at Greenwich on the ^th 3 15 gives in Table VI . — 50" add.
December 7th at noon the fun’s declination was — 22 40 50

Sun's declination when the observation was made - — 22 41 40 S.

Co-lat. of the Ibip — 360 31 ' 8. - — Do-secant - 10.22^44
Sun’s declination - 22 42 S. - - Secant - 10.035 02

Merid. alt. of the fun - 59 13 Nat. Sine 85911
True altitude observed- 38 49 Nat . Sine 62683

Diff. natural sines — — 23228 - Logarithm —. 4.3660k

Time: from noon - -- 3s1 39 ' 4" - Log . rising — 4.6264?
24 o o

Apparent time on the 6th — 20 20 56
Time by the watch - - 20 51 11

Watch too fast - :- o 30 15

A few minutes before the fan  was on the meridian,
making the following observations.

an opportunity offered°(

Tune by trie AlC/tuoe Ot
the fun ' s
low. limb.

Aitituoe ot
the moon ’s
upp . limb.

L)itt . moon s
limb from
the fun ' s.

h , // '
0 23 6

24 10
24 58
25 53
2 6 48
27 35

59 -V '

:t5
0 / u

27 3
9

21
28
33
40

5§ 48
48
48;
49 1
49+
49*

I 5 2 Z2 16 I q 134 292

O 25 25
sub . 30 15

59 - 4 2|
lob. 2 46^

27 22  LO
add I 0

58 48 40
add 4 8

-:

58 59 56
4 22

add x6 18

27 23 20
4 22

sub. r6 28

58 52 48

add 32 46
>0 IT <2 il 2 30 39 2 < 34

Estimated time at the /hip —
Longitude in time add —

Time at Greenwich 7th --
Moon’s horizontal parallax --
Moon’s horizontal semi-diameter
Augmentation - -
Moon’s augmentedsemi-diameter

Sums, to be divided by 6.
Means.
Errors of the quadrants, Sec,

Dip of the horizon, fubt.
Semi-diameters.
Apparent altitudes and distance*

Reduct*00
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Reduction of the distance by the second method in Problem X.
j ^orr. from Table IX — 9.906733
I ^og. from Table X. - 16

! ^og. from Tab . IX . and X. 9.99671 7
apparent alt. sun’s center 59° 12' o"

■apparent alt. moon’scenter 27 2 o
biff. apparent altitudes - 32 10 o
Apparent distance - 59 25 34

Sun’s parallax in alt . - <y 4 "
Sun’s refraction - 0 34

Corr. of the fun’s alt. 0 3°
Corr. moon’salt.Tab .VIII. 51 38
Sum of the corrections — 52 3

32 10 O
JDiff. true altitudes — 31 17 57

Half — 15 38 59

Sum — 91 Z5 34 ; half is 43° 4/47 " Log . line 9.85543.8
Difference — 27 15 34 ; half is 13 37 47 Log . sine9.372261

Log . from Table IX. and X. 9.996717
^alf diff. true altitudes 150 38' 59" Sum rejecting radius — 19.224416

Arch — 24 10 15 — — Log . sine 9.612208
8 31 16 — —> Log. co si. 9.995179

39 49 14 — — Log . co si. 9885 392
19 880571

29 21 44 §/a - - Log . co-si. 9.9402852 _ .
; f rne distance — — 58 43 29
j ^ stance at six hours — 58 11 54
: distance at nine hours — 59 51 59
■^ iff. first and second — o 31 35 - P. L . 7558
^iff. second and third — 1 40 5 - P . L . 2549

ok 56’ 48'' - P. L . 5009
600

apparent time at Greenwich 6 56 48 on the 7th.
At the ship — — — 23 55 10 on  the 6th.
longitude in time — 7 1 38 equal to 105° 24f 'W.

Remark.

That the longitude, thus found, is the longitude of the strip at the instant
Heh the altitudes were observed for finding the time by the watch, is obvious ;
f°r the time being found at the meridian which the strip was then under, the
^atch, if it goes right, as it is supposed to do for a few hours, will continue to

the time at that meridian, let the strip be where it will. Hence, therefore,
ll. is the difference between the times by the meridian of Greenwich and that me-
fl dian which the strip was under when the altitudes were observed, whicff we

for the longitude of the strip; and, consequently, it must be the longitude of
. at  meridian from the meridian of Greenwich, and not the longitude of the me-

^ian which the strip was under when the distances were observed.

T II E END.
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